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[57] ABSTRACT 

For measuring the level of a material in a container on the 
basis of the radar principle, microwaves are radiated down 
wards and re?ected microwaves received by means of the 
antenna of a ranging device arranged above the highest level 
anticipated. In the normal measuring operation the received 
microwaves are evaluated in the distance range up to empty 
distance corresponding to the distance of the antenna from 
the bottom of the container for determining the echo waves 
re?ected from the surface of the material, for measuring the 
transit time of the echo waves and for computing the 
distance of the material surface from the antenna of the 
ranging device from the measured transit time. In order to 
reliably detect the empty condition of a container having a 
curved bottom, despite the multiple re?ections of the micro 
waves re?ected from the container bottom, when no echo 
waves are detected in the distance range up to the empty 
distance, the evaluation is done in an enlarged distance range 
and any echo waves detected in the enlarged distance range 
beyond the empty distance are assigned to the empty dis 
tance. 

15 Claims, 2 Drawing Sheets 
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RADAR-BASED METHOD OF MEASURING 
THE LEVEL OF A MATERIAL IN A 

CONTAINER 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates to a radar-based method of measur 

ing the level of a material in a container in Which, by means 
of the antenna of a ranging device arranged above the 
highest level anticipated, microWaves are radiated doWn 
Wards and re?ected microWaves received and the received 
microWaves are evaluated for determining the echo Waves 
re?ected from the surface of the material, for measuring the 
transit time of the echo Waves and for computing the 
distance of the material surface from the antenna of the 
ranging device from the measured transit time. 

The level to be measured in the container is either the 
?lling height, i.e. the height of the material surface above the 
bottom of the container, or the volume of the material. The 
method as indicated above directly produces the ?lling 
height as the difference betWeen the knoWn height of instal 
lation of the antenna above the bottom of the container and 
the measured distance of the material surface from the 
antenna. The material volume unambiguously relates to the 
?lling height and thus results from the measured ?lling 
height. 

In application of this method When the container is empty 
the microWaves are re?ected from the bottom of the con 
tainer instead of from the material surface. This results in no 
problem as long as the bottom of the container is ?at. In this 
case the microWaves are re?ected directly back to the 
antenna and their transit time corresponds to the distance 
betWeen the antenna and the bottom of the container; this 
distance being termed the empty distance. Since the empty 
distance is the maximum distance anticipated, evaluation of 
the received microWaves in the ranging device merely needs 
to be done in the distance range extending as far as this 
empty distance. 
When, hoWever, this method is put to use in the case of 

a container having a curved container bottom, for example 
When a so-called dished bottom is employed, and When the 
container is empty, the microWaves are no longer re?ected 
back to the antenna directly, due to the angle of incidence at 
the curved container bottom being other than 90°. Instead, 
the microWaves attain the antenna after having been multi 
ply re?ected by the Walls of the container. Accordingly, the 
transit time of the microWaves corresponds to a distance 
Which is substantially greater than the empty distance. 
Evaluating the received microWaves only in the distance 
range extending as far as the empty distance Would then 
result in no echo Waves Whatsoever being detected, i.e. the 
ranging device Will thus not recogniZe the empty condition 
of the container, it instead indicating a fault condition. 

2. Description of the Prior Art 
In solving this problem hitherto for containers having a 

curved bottom, the evaluation of the received microWaves is 
permanently done in a distance range Which is very much 
greater than the empty distance. The correct level is assigned 
to all transit times of echo Waves measured betWeen the 
shortest transit time corresponding to the maximum level 
(100%) and a very loW level (for example 0.01%), Whereas 
a level of 0% is assigned to all longer transit times. 
One draWback of this solution employed hitherto is that a 

very large time and distance range alWays needs to be 
covered, i.e. also in the normal measuring operation With the 
container partly or completely ?lled. 
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2 
SUMMARY OF THE INVENTION 

The object of the invention is to provide a method of the 
aforementioned kind in Which in the normal measuring 
operation With a container partly or completely ?lled and 
featuring a curved bottom the evaluation of the received 
microWaves can remain restricted to the distance range 
extending as far as the empty distance, and by Which 
nevertheless the empty condition of the container can be 
reliably detected and indicated. 

For achieving this object the invention provides a radar 
based method of measuring the level of a material in a 
container in Which, by means of the antenna of a ranging 
device arranged above the highest level anticipated, micro 
Waves are radiated doWnWards and re?ected microWaves 
received and the received microWaves are evaluated for 
determining the echo Waves re?ected from the surface of the 
material, for measuring the transit time of the echo Waves 
and for computing the distance of the material surface from 
the antenna of the ranging device from the measured transit 
time, Wherein in the normal measuring operation the 
received microWaves are evaluated in the distance range up 
to the empty distance corresponding to the distance of the 
antenna from the bottom of the container and, When no echo 
Waves are detected in this distance range, the evaluation is 
done in an enlarged distance range and any echo Waves 
detected in the enlarged distance range beyond the empty 
distance are assigned to the empty distance. 

In the application of the method in accordance With the 
invention evaluating the received microWaves is initially 
alWays restricted to the distance range Which ends at the 
empty distance. It is only When no echo Waves are detected 
in this distance range, Which is particularly the case When 
the container is empty, that the evaluation is effected in the 
enlarged distance range. When echo Waves are detected in 
this enlarged distance range on the far side of the empty 
distance, then it is established that these echo Waves origi 
nate from re?ections at the curved bottom of the container 
and that the container is empty, Whereas When no echo 
Waves are detected in the enlarged distance range, either, 
then it is established that a fault condition exists Which can 
be indicated. 

As soon as echo Waves are again detected in the distance 
range extending as far as the empty distance, the enlarge 
ment of the distance range is cancelled, the use of the 
enlarged distance range thus being restricted to the relatively 
seldom case of the container being empty. 
The enlarged distance range is dimensioned at least as 

large so that all echo Waves are detected therein Which are 
re?ected from the curved bottom of the container and arrive 
at the antenna folloWing multiple re?ections. As a simpli 
?cation the enlarged distance range can be made equal to the 
maximum measurement range of the ranging device. 

The advantage achieved by the invention becomes par 
ticularly evident When in accordance With a preferred 
embodiment for evaluating received microWaves their echo 
pro?le is plotted in the distance range provided for evalu 
ation. In this case, the task of plotting the echo pro?le of the 
received microWaves is restricted to the relatively small 
distance range extending up to the empty distance for the 
vast majority of the measuring operations involved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Further features and advantages of the invention are 
apparent from the folloWing description of an example 
embodiment With reference to the draWings in Which 
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FIG. 1 is a schematic illustration of an an assembly for 
radar-based level measuring in a container having a curved 
bottom With the container partly ?lled and 

FIG. 2 illustrates the assembly as shoWn in FIG. 1 With the 
container empty. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring noW to FIG. 1 there is illustrated a container 10 
having a curved bottom 12, for example a so-called dished 
bottom. The container 10 is ?lled up to a ?lling height F With 
a material 14. The level in the container 10 is identi?ed 
either as the ?lling height F or the volume of the material 14 
corresponding to the ?lling height F. In a container having 
a constant cross-section over its full height the material 
volume is proportional to the ?lling height F; in containers 
failing to satisfy this requirement the relation betWeen the 
?lling height F and the material volume can be determined 
by calculation or by trial and represented by a curve or by 
a look-up table. In any case, measuring the ?lling height F 
sufficies to measure the level in the container. 

In the container 10 as shoWn in FIG. 1 measuring the 
?lling height F is done by a ranging device 20 operating as 
a microWave pulsed radar system. The ranging device 20 
contains a transceiver antenna 22 Which is connected via a 
duplexer 24 to a transmitter circuit 26 and to a receiving and 
evaluating circuit 28. The transmitter circuit 26 generates in 
periodic time intervals ultra-high frequency pulses Which are 
fed to the antenna 22. The antenna 22 is arranged above the 
maximum ?lling height Fmax anticipated in the container 10 
so that it radiates the ultra-high frequency pulses arriving 
from the transmitter circuit 26 perpendicularly doWnWards 
in the form of microWaves and receives microWaves coming 
from beloW. The microWaves received by the antenna 22, to 
Which more particularly the echo Waves re?ected from the 
surface 16 of the material belong, are fed to the receiving 
and evaluating circuit 28. In the receiving and evaluating 
circuit 28 the microWaves received by the antenna 22 are 
evaluated to detect the echo Waves re?ected from the surface 
of the material and to measure their transit time. From the 
measured transit time betWeen the instant of transmission of 
a microWave pulse by the antenna and arrival of the echo 
pulse re?ected from the material surface 16 at the antenna 22 
the distance D betWeen the antenna 22 and the material 
surface 16 can be computed due to the knoWn propagation 
velocity of the microWaves. The ?lling height F is then given 
by the difference betWeen the installation height Ho of the 
antenna 22 above the container bottom 12 and the measured 
distance D: 

For evaluating the received microWaves in the receiving 
and evaluating circuit 28 it is usual to plot the echo pro?le 
of the microWaves, Which is given by the envelope curve of 
the microWaves in the case of a pulsed radar. The plot of this 
envelope curve H as a function of the transit time t or, Which 
is the same in effect, the distance X covered by the 
microWaves, is depicted in FIG. 1 to the right of the 
container 10. In this representation the time axis t or the 
distance axis X is oriented perpendicularly doWnWards 
Whilst the ordinate representing the amplitude of the enve 
lope curve H is oriented to the right. This Way of represen 
tation makes the relation betWeen the envelope curve and the 
?lling height F to be measured particularly clear. The 
distance Dmin corresponds to the maximum ?lling height 
Fmwc and the distance DL Which is equal to the installation 
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4 
height HO corresponds to the empty container and is thus 
termed the “empty distance”. It Will be noted that the 
envelope curve H has over almost the full distance range 
betWeen the distance Dmin and the distance DL a relatively 
loW value R corresponding to the noise level; the envelope 
curve exhibiting, hoWever, at the distance D corresponding 
to the the distance of the material surface 16 aWay from the 
antenna 22, a spike E originating from echo Waves re?ected 
by the material surface 16. On a time scale the position of 
the echo spike E corresponds to tWice the value of the transit 
time required by the microWaves to cover the distance D 
since they need to cover this distance tWice, from the 
antenna 22 to the material surface 16 and back again to the 
antenna. 
To determine the Wanted echo E in the envelope curve H 

various methods may be employed. A ?rst method involves 
determining the maximum of the envelope curve and assign 
ing the Wanted echo thereto. In accordance With another 
method the echo ?rst arriving in time is determined in 
addition to the echo having the largest amplitude, ie the 
maximum of the envelope curve. When the amplitude of this 
?rst echo is greater than the maximum amplitude reduced by 
an adjustable factor the ?rst echo is selected as the Wanted 
echo. The condition for this may be, for example, that the 
amplitude of the ?rst echo needs to be greater than the 
maximum amplitude reduced by 20 dB. Determining the 
Wanted echo is done in the normal measuring operation With 
the container completely or partly ?lled in the distance range 
extending from the distance 0 or at least from the minimum 
distance Dmin corresponding to the maximum ?lling height 
to the empty distance DL, as a result of Which the envelope 
curve H then also needs to be plotted in this range only. 

FIG. 2 shoWs the assembly as shoWn in FIG. 1 for the case 
that the container 10 is totally empty. In this case the 
microWaves are re?ected from the bottom 12 of the 
container, as a result of Which the echo spike Would need to 
be at the empty distance DL. HoWever, in FIG. 2 the echo 
spike E‘ is located at a much greater distance D‘ aWay. This 
is due to the fact that the microWaves are not directly 
re?ected back to the antenna 22 from the curved bottom of 
the container due to the angle of incidence being other than 
90°, they instead arriving at the antenna 22 after having been 
multiply re?ected by the Walls of the container. 

Since in the receiving and evaluating circuit 28, as already 
explained, the envelope curve of the received microWaves is 
evaluated in the normal measuring operation only in the 
distance range up to the empty distance DL no echo spike 
appears in the range evaluated due to the curved container 
bottom 12 With the container empty so that, on the one hand, 
there is no recogniZing Whether the container 10 is empty 
and, on the other, this gives the Wrong impression that the 
ranging device 20 is not Working. 

These Wrong indications are avoided by the folloWing 
measures: 

1. If, in evaluating the envelope curve H, it is established 
that no echo exists in the evaluated distance range up to 
the empty distance DL an envelope curve is again 
plotted but this time for an enlarged distance range 
preferably corresponding to the maximum measure 
ment range of the ranging device. If an echo is detected 
on the far side of the empty distance DL in evaluating 
this envelope curve, such as the echo E‘ as shoWn in 
FIG. 2, this echo is not assigned the distance D‘ 
corresponding to its transit time but the empty distance 
DL. As a result of this it is, on the one hand, correctly 
indicated that the container is empty and, on the other, 
it is established that the ranging device 20 is Working 
properly. 
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2. If in evaluating the envelope curve in the enlarged 
distance range no echo is detected, either, then a fault 
condition is indicated. 

In this Way it is achieved in the normal measuring 
operation that evaluating the received microwaves, for 
example by plotting their envelope curve, is restricted to the 
range corresponding to the height of the container, but that 
With the container empty and despite the curved container 
bottom a correct indication of the empty condition is assured 
Whilst avoiding a false indication of a fault condition. 

Evaluating the received microWaves in the enlarged dis 
tance range can be additionally linked to the condition that 
the level last measured Was less than a reference level, for 
eXample a level amounting to 20% of the maXimum ?lling 
height. In this Way it is avoided that the evaluation range is 
changed should the echo be lost brie?y, for example, due to 
an agitator crossing the path of the microWaves. 

The decision as to Whether an echo is detected in the 

enlarged distance range or Whether a fault condition is 
indicated can be made dependent on an adjustable threshold 
value. The threshold value stipulates a minimum value for 
the signal-to-noise ratio Which the echo amplitude needs to 
eXceed to be accepted as an echo. The threshold value has 
typically the order of magnitude of 10 dB. 

The de?nition of the empty distance BL is also apparent 
from FIG. 2. It corresponds to the distance from the antenna 
22 up to the point of the curved container bottom 12 Where 
the microWaves emitted by the antenna impinge and are 
re?ected. This distance is the maXimum distance Which can 
be measured in the container 10 by means of the antenna 22. 
The horiZontal plane passing through the point of impinge 
ment also is the reference plane for the ?lling height F and 
the installation height Ho. The container 10 is considered to 
be empty When the material surface 16 is level With or beloW 
this plane. 

In the eXample embodiment as discussed above, level 
measuring Was done on the basis of a pulsed radar system. 
It Will be appreciated, hoWever, that the invention is not 
restricted to this system, it also being suitable for other 
methods Working according to the radar principle, more 
particularly for those in Which an echo pro?le can be 
generated. This applies especially to FMCW radar 
(Frequency Modulated Continuous Wave radar). In the 
FMCW method a continuous microWave is transmitted 
Which is periodically linearly frequency-modulated, for 
eXample according to a saWtooth function. The frequency of 
each received echo signal thus shoWs a difference to the 
momentary frequency Which the transmitted signal has at the 
instant of reception, this difference in frequency being a 
function of the transit time of the echo signal. The difference 
in frequency betWeen the transmitted signal and the received 
signal Which can be obtained by miXing both signals and 
evaluating the Fourier spectrum of the miXed signal thus 
corresponds to the distance of the re?ecting surface aWay 
from the antenna, and the level of the frequency character 
istic corresponds to the amplitude of the echo. Accordingly, 
this Fourier spectrum represents in this case the echo pro?le 
Which can be evaluated in the same Way as the echo pro?le 

obtained by the pulsed radar method. 
We claim: 
1. A radar-based method of measuring the level of a 

material in a container in Which, by means of the antenna of 
a ranging device arranged above the highest level 
anticipated, microWaves are radiated doWnWards and 
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6 
re?ected microWaves received and the received microWaves 
are evaluated for determining the echo Waves re?ected from 
the surface of the material, for measuring the transit time of 
the echo Waves and for computing the distance of the 
material surface from the antenna of the ranging device from 
the measured transit time, Wherein in the normal measuring 
operation the received microWaves are evaluated in the 
distance range up to the empty distance corresponding to the 
distance of the antenna from the bottom of the container and, 
When no echo Waves are detected in this distance range, the 
evaluation is done in an enlarged distance range and any 
echo Waves detected in the enlarged distance range beyond 
the empty distance are assigned to the empty distance. 

2. The method as set forth in claim 1 Wherein the enlarged 

distance range corresponds to the maXimum distance mea 

surement range of the ranging device. 
3. The method as set forth in claim 1 Wherein, for 

evaluating the received microWaves, the echo pro?le thereof 
is plotted in the distance range provided for the evaluation. 

4. The method as set forth in claim 1 Wherein the 
evaluation is done in the enlarged distance range only When 
the previously measured level Was smaller than a predeter 
mined reference level. 

5. The method as set forth in claim 1 Wherein a fault 

condition is indicated When no echo Waves are detected in 

the enlarged distance range, either. 
6. The method as set forth in claim 1 Wherein in the 

enlarged distance range only microWaves Whose amplitude 
eXceeds a predetermined threshold value are detected as 

echo Waves. 

7. The method as set forth in claim 2 Wherein, for 
evaluating the received microWaves, the echo pro?le thereof 
is plotted in the distance range provided for the evaluation. 

8. The method as set forth in claim 2 Wherein the 
evaluation is done in the enlarged distance range only When 
the previously measured level Was smaller than a predeter 
mined reference level. 

9. The method as set forth in claim 2 Wherein a fault 
condition is indicated When no echo Waves are detected in 

the enlarged distance range, either. 
10. The method as set forth in claim 2 Wherein in the 

enlarged distance range only microWaves Whose amplitude 
eXceeds a predetermined threshold value are detected as 
echo Waves. 

11. A radar-based method of measuring the level of a 
material surface in a container using a ranging device having 
a microWave antenna in said container at a predetermined 
empty distance from a bottom surface of said container to 
form a distance range, said method comprising the steps of: 

radiating microWaves doWnWardly toWard said material 
surface; 

receiving microWaves re?ected from inside said con 
tainer; and 

determining Whether an echo Wave is re?ected from said 
material surface Within said distance range; 

Wherein if the result of said determining step is 
affirmative, computing said level of said material sur 
face based upon a transit time of said echo Wave; and 

Wherein if the result of said determining step is negative, 
evaluating said microWaves to determine Whether an 
echo Wave is re?ected Within an enlarged distance 
range Which eXtends beyond said distance range. 
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12. The method of claim 11, wherein said enlarged 14. The method of claim 11, further comprising the step 
distance range corresponds to the maximum distance mea- of_lndlcanng a fault Condmon When the evaluatlng Step 1n 
Surement range of Said ranging device said enlarged distance range does not detect an echo Wave. 

15. The method of claim 11, Wherein only microWaves 
5 Whose amplitude eXceeds a predetermined threshold value 

are detected as echo Waves. 

13. The method of claim 11, Wherein the evaluating step 
in said enlarged distance range is performed only When the 
previously measured level of said material surface is beloW 
a predetermined reference level. * * * * * 


